
US008082283B1 

(12) Ulllted States Patent (10) Patent N0.: US 8,082,283 B1 
Langhammer (45) Date of Patent: Dec. 20, 2011 

(54) ARRANGEMENT ()F 3-1NPUT LUT’S T() 6,538,470 B1 * 3/2003 Langhammer et a1. ..... .. 708/650 

IMPLEMENT 4:2 COMPRESSORS FOR g; é?lfifistt 
MULTIPLE OPERAND ARITHMETIC 639433580 B2 9/2005 Lewis et ,1‘ 

7,003,545 B1* 2/2006 Mohammed et a1. ....... .. 708/711 
(75) Inventor: Martin Langhammer, Wiltshire (GB) 7,225,212 B2* 5/2007 Stribaek et a1. ............. .. 708/209 

7,302,460 B1 11/2007 Langhammer 
- , - 2001/0056454 A1* 12/2001 Bhushan et a1. ............ .. 708/670 

>I< ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ “ * . . . . , 2002/0129077 A1 9/2002 Rhee 

( ) NOIlCeI Sub?Ct to any dlsclalmer, the term Ofthls 2002/0147756 A1* 10/2002 Hatsch et a1. ............... .. 708/706 
patent is extended or adjusted under 35 2003/0163504 A1 8/2003 Knowles 

U.S.C. 154(b) by 965 days. OTHER PUBLICATIONS 

21) A 1. N0.: 11/945,194 Foulk, Patrick W., “User Con? urable Lo ic,” Heriot-Watt Univer ( PP g g 
sity, Computing & Control Engineering Journal, Sep. 1992, pp. 205 

(22) Filed: Nov. 26, 2007 213. 

Related US. Application Data (Continued) 

(62) Division of application No. 10/660,903, ?led on Sep. Primary Examiner i TanV Mai 
11, 2003, HOW Pal- N0~ 7,302,460 (74) Attorney, Agent, or Firm * Weaver Austin Villeneuve 

(51) I t Cl & Sampson LLP 
11 . . 

G06F 7/38 (2006.01) (57) ABSTRACT 
(52) US. Cl. ..................................................... .. 708/230 . . . . 

_ _ _ A programmable log1c dev1ce (PLD) 1ncludes a plural1ty of 
(58) Field of Classi?cation Search ........ .. gig/72030521346, logic array blocks (LAB,S) Connected by a PLD routing 

S 1, _ ?l f 1 h h, architecture. At least one LAB is con?gured to determine a 
ee app lcanon e or Comp ete Seam lstory' compression of a plurality of N-bit numbers. The LAB 

(56) References Cited 1ncludes look-up table (LUT) log1c cells. Each LUT log1c cell 

U.S. PATENT DOCUMENTS 

is con?gured to receive three operand signals at three inputs 
of that LUT logic cell and to output tWo signals at tWo outputs 
of that LUT logic cell that are a sum and carry signal resulting 

2 gggfzteglal' from adding the operand signals. LAB internal routing logic 
5,499,203 A 3/1996 Grundland ' couples the LUT logic cells such that the LUT logic cells 
5,761,099 A 6/1998 Pedersen collectively process the input signals to generate the output 
5,808,928 A * 9/l998 Miyoshi ...................... .. 708/628 signa1s.The LAB internal routing logic is notpart ofthePLD 
5,815,003 A 9/1998 Pedersen routing architecture. By employing compressor LUT logic 
5 898 602 A 4/1999 Rothman et a1 . . . . . 
6’066’960 A 50000 Pedersen ' cells W1th1n the LAB, use of PLD rout1ng archltecture 1s 
633173771 B1 11/2001 Langhammer minimized, and use of PLD resources is more e?icient. 
6,369,610 B1 4/2002 Cheung et a1. 
6,407,576 B1 6/2002 Nigai et a1. 21 Claims, 3 Drawing Sheets 

@R 
102d 1020 102b 1023 
d4 04 b4 a4 

(111,23) {012,3} {b1,2,3} {@1123} 
104a4 10433 10482 104C111 

106-1 1 l I : : 
l I 

| | COUT CD SD 5 CC SC 5 CB SB 1 CA SA : 

7% l r—' U—' ' |—| ' CIN 
| l l 

106'2 oz 52 1 CY SY } ex ex 1 CW sw E 
l l l 

| | 

104b4 104153 104b2 5 104b1 : 



US 8,082,283 B1 
Page 2 

OTHER PUBLICATIONS Notice of Allowance and Fees Due mailed Aug. 3, 2007 from US. 
Appl. No. 10/660,903. 
Allowed Claims for US. Appl. No. 10/660,903. 

US. Of?ce Action mailed Feb. 27, 2007, from U.S. Appl. No. 
10/660,903. * cited by examiner 





US. Patent Dec. 20, 2011 Sheet 2 of3 US 8,082,283 B1 

550 

J <<w 

am. am 

N 
N930 

.GE <<O 
i wmm 

mmpso 

J 
mm 

am. an 

$62 $095 E356 



US. Patent Dec. 20, 2011 Sheet 3 of3 US 8,082,283 B1 

583 

m 6E 
wmEsw 

.883 

Q am 

.8. :8 

mmbhmo 
(O 

426 

a. an 

262 62$ EEO QQQE 



US 8,082,283 B1 
1 

ARRANGEMENT OF 3-INPUT LUT’S TO 
IMPLEMENT 4:2 COMPRESSORS FOR 
MULTIPLE OPERAND ARITHMETIC 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present application is a divisional of and claims prior 
ity to co-pending US. patent application Ser. No. 10/ 660,903, 
?led Sep. 11, 2003, entitled “ARRANGEMENT OF 3-IN 
PUT LUT’S TO IMPLEMENT 4:2 COMPRESSORS FOR 
MULTIPLE OPERAND ARITHMETIC” by Martin Lang 
hammer, Which is incorporated herein by reference in its 
entirety. 

TECHNICAL FIELD AND BACKGROUND 

The present invention is in the ?eld of adding 4:2 compres 
sors functions to programmable logic devices. In particular, 
the present invention arranges 3:2 compressors to form 4:2 
compressors, While both alloWing the use of the arithmetic 
capabilities of the compressors, and also logic combinations 
that can be implemented by 3:1, 3:2, 4: 1, and 4:2 LUT (look 
up tables). 

In one conventional arrangement, to add together multiple 
operands, the operands are added together tWo at a time, in a 
so-called adder tree. For example, to add together four oper 
ands using such an arrangement, tWo of the operands are 
added together to obtain a ?rst intermediate result, and the 
other tWo operands are added together to obtain a second 
intermediate result. Then the ?rst and second intermediate 
results are added together to obtain a ?nal result. Typically, in 
this arrangement, a ripple carry adder or a carry propagate 
adder is used for each addition. In a ripple carry or carry 
propagate adder, tWo numbers in binary form are added 
together, With one number as a result. Most programmable 
logic architectures support ripple carry addition for adder 
trees, as the number of inputs and outputs betWeen the local 
logic and global routing architecture is relatively small. (2 
inputs, 1 output per result bit). Also, most programmable 
logic architectures have a n—1 logic cell structure. (3 or 4 
inputs, 1 output bit). 

In another conventional arrangement, in an initial step, 
three of the four operands are added together bitWise using a 
carry-save adder. The resulting sum and carry for each bit are 
provided to a second stage carry-save adder Which adds in the 
fourth of the four operands and generates a sum and carry bit 
for each operand. Finally, a carry-propagate adder adds 
together the sum and carry result bits from the second stage 
carry-save adder to generate the sum of the four operands. 
HoWever, 3:2 compressors are inef?cient When implemented 
using PLD architectures. That is, because of the tWo outputs, 
tWo LUTs are burned per level. 4:2 compressors are more 
e?icient, because they have the same routing density of ripple 
carry adders (2:1 input/output ratio). 

HoWever, routing must be provided betWeen the 3:2 com 
pressors (Which is inef?cient in PLDs) to build a 4:2 com 
pressor. 

BRIEF SUMMARY 

In accordance With an aspect of the invention, a program 
mable logic device (PLD) includes a plurality of logic array 
blocks (LAB’s) connected by a PLD routing architecture. At 
least one LAB is con?gured to determine a compression of a 
plurality of N-bit numbers. The LAB includes look-up table 
(LUT) logic cells. Each look-up table (LUT) logic cell is 
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2 
con?gured to input three signals at three respective inputs of 
that look-up table (LUT) logic cell and to output tWo signals 
at tWo respective outputs of that look-up table logic cell 
(LUT) that are a sum and carry signal resulting from adding 
the three input signals. Input lines are con?gured to receive 
input signals from the PLD routing architecture that represent 
the plurality of N-bit numbers and output lines con?gured to 
provide output signals to the PLD routing architecture that 
represent the compression of the plurality of N-bit numbers. 
LAB internal routing logic connecting the LUT logic cells 

such that the LUT logic cells collectively process the input 
signals, received at the input lines, that represent the N-bit 
numbers to generate the output signals, provided at the output 
lines, that represent the sum of the N-bit numbers. The LAB 
internal routing logic is not part of the routing architecture of 
the PLD. 
By employing 3:2 compressor LUT logic cells Within the 

LAB, the use of the routing architecture of the PLD is mini 
miZed, Which contributes to more e?icient use of the PLD 
resources. 

BRIEF DESCRIPTION OF THE DRAWING(S) 

FIG. 1 illustrates an example logic array block in accor 
dance With an aspect of the invention, to add together four 
4-bit operands. 

FIG. 2 illustrates an example logic array block in accor 
dance With an aspect of the invention Where the slices are 
con?gured in a “general purpose” mode. 

FIG. 3 illustrates an example logic array block in accor 
dance With an aspect of the invention Where the slices of the 
logic array block are con?gured in a ripple carry adder mode. 

DETAILED DESCRIPTION 

Before describing an example, We initially note that 3:2 
compressors, and building 4:2 compressor structures out of 
3:2 compressors is Well knoWn. In a broad aspect, the inven 
tion includes generic programmable logic structures contain 
ing 3:1 and 4:1 LUT functions, With particular inter-LUT 
routing and particular arrangement to accomplish 4:2 com 
pressors as Well. 

Turning noW to FIG. 1, an example logic array block 
(LAB) 100 of a programmable logic device is illustrated. As 
is discussed in greater detail beloW, the LAB 100 comprises a 
plurality of three-input look-up table (LUT) circuits con 
nected such that the LAB 100 accomplishes addition of four 
four-bit operands. While the concept may be applied to 
accomplishing addition of more than four operands, and of 
differing numbers of bits, the example of four four-bit oper 
ands is employed to explain the concept. 

To illustrate the operation of the LAB 100, We assume that 
ax, bx, cx and dx are bit positions of each operand, Which ax 
being the least signi?cant bit. “x” indicates the operand. Thus, 
for example, the ?rst operand includes the bits “a1”, “b1”, 
“c1” and “d1.” Put another Way, the LAB 100 enables the 
folloWing addition: 

01 b1 

02 b2 a2 

d3 03 b3 a3 

21mm 

a1 

TOTAL 
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More properly, the LAB provides a sum vector and carry 
vector that may be added together using, for example, a ripple 
carry adder. When adding a large number of values together 
(greater than four), compression may be performed until there 
are only tWo remaining values. For example, to add ?fty 
numbers using 4:2 compressors, there Would be 26 vectors 
after the ?rst compression stage (48/2+2 left over), 14 vectors 
after the 2”“ stage (24/2+2 left over), eight after the 3rd stage, 
four after the 4”’ stage, and tWo after the 5”’ stage. The last tWo 
numbers may then be added using a ripple carry adder (Which, 
in some examples, is implemented as part of the LAB).All the 
compression stages may be performed by the LUT structure. 

The LAB 100 includes four slices 10211 through 1021!. 
(Four slices is just an example, hoWever.) Each slice (generi 
cally, 102) handles arithmetic pertaining to a corresponding 
bit position in the operands. For example, slice 10211 handles 
arithmetic pertaining to bit position “1” in the operands. Slice 
102b handles arithmetic pertaining to bit position “2” in the 
operands. Slice 1020 handles arithmetic pertaining to bit posi 
tion “3” in the operands. Finally, slice 102d handles arith 
metic pertaining to bit position “4” in the operands. 

Each slice 102 includes tWo logic cells. For example, slice 
10211 includes logic cells 104111 and 104191. Logic cell 104111, 
belonging to a conceptual ?rst stage 106-1, handles arith 
metic pertaining to bit position “1” in adding the ?rst three 
operands to determine an intermediate result (intermediate 
sum result and intermediate carry result) for bit position “1.” 
Logic cell 104191, belonging to a conceptual second state 
106-2, handles arithmetic pertaining to bit position “1” in 
combining the fourth operand With the intermediate result for 
bit position “1” (using the intermediate carry result from the 
next less signi?cant bit position Which, for the least signi? 
cant bit position, may be a carry-in bit CIN from a previous 
LAB. 

Furthermore, each logic cell includes tWo 3-input LUT’si 
one for determining a “sum” bit and one for determining a 
“carry” bit. For example, logic cell 104112 includes lookup 
table SB to determine a “sum” bit from inputs b1, b2 and b3. 
Logic cell 104112 also includes lookup table CB to determine 
a “carry” bit from inputs b1, b2 and b3. Possible internal 
structures of each lookup table of the logic cells (such as 
lookup tables SB and CB) are knoWn to one of ordinary skill 
in the art. (The designation of each lookup table is also used 
to designate the output from that lookup table. For example, 
the lookup tables designated as SB and CB output signals also 
designated as SB and CB, respectively.) Taking another 
example, then, logic cell 104192 includes lookup table SX to 
determine a “sum” bit from inputs CA, SB and b4, and logic 
cell 104b2 also includes lookup table CX to determine a 
“carry” bit from inputs CA, SB and b4. 

Put another Way, the logic cells of the ?rst stage 106-1 
collectively perform a Well-known carry-save adder function, 
and the logic cells of the second stage 106-2 collectively 
perform a Well-known carry-save adder function. The ?rst 
stage 106-1 and the second stage 106-2 collectively achieve a 
“result” of adding together the ?rst through fourth operands. 
To determine the “?nal” sum bits, for example, a carry-propa 
gate adder (that performs a “ripple carry”) may be provided as 
part of the LAB or otherWise. 

In practice, CIN is set to “0” unless the LAB 100 is chained 
to a previous LAB, in Which case CIN is connected to COUT 
of the previous LAB. FIG. 2 illustrates the FIG. 1 logic in a 
“general purpose” mode. The diagram of the logic has been 
simpli?ed for illustrative purposes. In practice, additional 
features may be provided such as a register on the outputs and 
multiplexor and control bits internally to sWitch betWeen 
different modes of operation. 
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4 
In the FIG. 2 circuit, each half-slice implements a 4 input, 

1 output LUT, made up of tWo 3 input LUTs (SA, SAA) With 
identical inputs (bits a1,a2,a3), the output of Which is being 
selected by bit a4 using 3 input LUT SW. SA and SW are the 
same SA and SW as in FIG. 1. In FIG. 1 (4:2 compression), 3 
input LUT SAA is not used. The Wiring is slightly different 
betWeen FIG. 1 and FIG. 2 (sWitching is performed using 
some multiplexing that is not shoWn for clarity of illustra 
tion). In FIG. 2, there are inputs into the logic (i.e., bits aa 1-4) 
that are not in FIG. 1. 
We noW explain the difference betWeen the FIG. 1 example 

implementation and the FIG. 2 example implementation. In 
the FIG. 1 example implementation, all the input Wires are 
independent, With different sources for each input Wire. Thus, 
in the FIG. 1, Where there are 8 LUTs (4 slices), there are 
sixteen independent input Wires. In the FIG. 2 example, the 8 
LUTs have 32 inputs. HoWever, in practice, there are not 32 
independent input Wires. In a typical use, only about sixty 
percent of the total number of input Wires are independent, 
since not every function requires a 4:1 ratio. If 100% inde 
pendent routing Was provided for the general purpose case, 
then the chip Would be a lot bigger and less e?icient. 

FIG. 3 illustrates the logic cells being used in ripple carry 
mode. Details of multiplexing to sWitch to this mode and 
sources of routing are not shoWn for clarity. 
While the present invention has been particularly described 

With respect to the illustrated embodiments, it Will be appre 
ciated that various alterations, modi?cations and adaptations 
may be based on the present disclosure, and are intended to be 
Within the scope of the present invention. While the invention 
has been described in connection With What are presently 
considered to be the most practical and preferred embodi 
ments, it is to be understood that the present invention is not 
limited to the disclosed embodiment but, on the contrary, is 
intended to cover various modi?cations and equivalent 
arrangements included Within the scope of the claims. 

The invention claimed is: 
1. A programmable logic device comprising: 
a logic block including a plurality of logic cells organiZed 

into a ?rst stage of logic cells and a second stage of logic 
cells; 

a programmable logic device (PLD) routing architecture 
providing inputs to the logic block and receiving outputs 
from the logic block, 

Wherein the ?rst stage of logic cells operates as a carry-save 
adder, Wherein each logic cell in the ?rst stage of logic 
cells is operable to receive a bit associated With a bit 
position a plurality of bit numbers and operable to pro 
vide a sum bit and carry bit for the corresponding plu 
rality of bit numbers at tWo outputs of the logic cell, 

Wherein the logic block further includes internal routing 
logic that is separate from the PLD routing architecture, 
and Wherein the internal routing logic routes the sum bit 
and the carry bit from the ?rst stage of logic cells to the 
second stage of logic cells in response to the ?rst stage of 
logic cells providing the sum bit and the carry bit. 

2. The programmable logic device of claim 1, Wherein at 
least one of the plurality of bit numbers is a four bit number. 

3. The programmable logic device of claim 1, Wherein the 
plurality of bit numbers comprises four bit numbers. 

4. The programmable logic device of claim 1, Wherein the 
?rst stage of logic cells is operable to receive more than one 
bit position of the plurality of bit numbers. 

5. The programmable logic device of claim 1, Wherein the 
plurality of logic cells comprises look-up-table (LUT) logic 
cells. 
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6. The programmable logic device of claim 1, Wherein the 
?rst and second stage of logic cells are organized into slices, 
each of the slices performing an arithmetic operation on a bit 
position of the plurality of bit numbers. 

7. The programmable logic device of claim 6, Wherein each 
of the slices includes tWo logic cells organiZed in a cascaded 
arrangement. 

8. A device comprising: 
a logic block including a plurality of logic cells organiZed 

into a ?rst stage of logic cells and a second stage of logic 
cells; 

a programmable logic device (PLD) routing architecture 
providing inputs to the logic block and receiving outputs 
from the logic block, 

Wherein each logic cell in the second stage of logic cells is 
operable to receive a sum bit associated With a ?rst bit 
position of a plurality of bit numbers from the ?rst stage 
of logic cells, and is further operable to receive a carry 
bit associated With a second bit position of the plurality 
of bit numbers from the ?rst stage of logic cells, 

Wherein each logic cell in the second stage of logic cells is 
operable to provide a sum bit and carry bit correspond 
ing to the plurality of bit numbers at tWo outputs of the 
logic cell, 

Wherein the logic block further includes internal routing 
logic that is separate from the PLD routing architecture, 
and Wherein the internal routing logic routes the sum bit 
and the carry bit from the ?rst stage of logic cells to the 
second stage of logic cells in response to the ?rst stage of 
logic cells providing the sum bit and the carry bit. 

9. The device of claim 8, Wherein at least one of the plu 
rality of bit numbers is a four bit number. 

10. The device of claim 8, Wherein the plurality of bit 
numbers comprises four bit numbers. 

11. The device of claim 8, Wherein the second stage of logic 
cells is operable to receive more than one bit position of the 
plurality of bit numbers. 

12. The device of claim 8, Wherein the plurality of logic 
cells comprises look-up-table (LUT) logic cells. 
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13. The device of claim 8, Wherein the ?rst and second 

stage of logic cells are organiZed into slices, each of the slices 
performing an arithmetic operation on a bit position of the 
plurality of bit numbers. 

14. The device of claim 13, Wherein each of the slices 
includes tWo logic cells organiZed in a cascaded arrangement. 

15. A method comprising: 
receiving a plurality of bit numbers at a ?rst stage of logic 

cells via a programmable logic device (PLD) routing 
architecture included in the PLD, Wherein the ?rst stage 
of logic cells is implemented in a logic block included in 
the PLD, Wherein the ?rst stage of logic cells operates as 
a carry-save adder, Wherein each logic cell in the ?rst 
stage of logic cells is operable to receive a bit associated 
With a bit position of a plurality of bit numbers; and 

providing a sum bit and a carry bit corresponding to the 
plurality of bit numbers to a second stage of logic cells 
via internal routing logic, 

Wherein the internal routing logic routes the sum bit and the 
carry bit from the ?rst stage of logic cells to the second 
stage of logic cells in response to the ?rst stage of logic 
cells providing the sum bit and the carry bit. 

16. The method of claim 15, Wherein at least one of the 
plurality of bit numbers is a four bit number. 

17. The method of claim 15, Wherein the plurality of bit 
numbers comprises four bit numbers. 

18. The method of claim 15, Wherein the ?rst stage of logic 
cells is operable to receive more than one bit position of the 
plurality of bit numbers. 

19. The method of claim 15, Wherein the plurality of logic 
cells is look-up-table (LUT) logic cells. 

20. The method of claim 15, Wherein the ?rst and second 
stage of logic cells are organiZed into slices, each of the slices 
performing an arithmetic operation on a bit position of the 
plurality of bit numbers. 

21. The method of claim 20, Wherein each of the slices 
includes tWo logic cells organiZed in a cascaded arrangement. 

* * * * * 


